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Abstract: Acute lung injury (ALI) is a common clinical respiratory critical illness, which is characterized by diffuse alveolar-capillary
membrane injury, pulmonary edema and refractory hypoxemia. In severe cases, it can further develop into acute respiratory distress
syndrome (ARDS), and the mortality rate will be as high as 30% to 40%. L-Borneol is the core active ingredient of Guizhou Miao
medicine Blumea balsamifera, which has the theoretical positioning of traditional Chinese medicine lung meridian tropism and the
exact anti-inflammatory pharmacological activity. Ferroptosis and PANoptosis, as the two leading cell death mechanisms in the field
of ALI, provide different perspectives for explaining the lung protection mechanism of L-borneol. Drug affinity responsive target

stability (DARTS) technology is a frontier research method for screening direct drug-binding target proteins target proteins without
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chemical modification, especially suitable for target discovery of natural products. In this paper, the pharmacological basis of L-borneol,

the regulatory mechanism of ferroptosis and PANoptosis in ALI the principle and application of DARTS technology, and the research

progress of natural products targeting ferroptosis/PANoptosis to protect ALI are systematically reviewed. The representative research

results of natural products protecting ALI by regulating ferroptosis and PANoptosis are systematically summarized, and the unique

advantages of DARTS technology in the discovery of natural product targets are deeply analyzed. The feasibility and prospect of

discovering the target of L-borneol based on DARTS technology and elucidating its mechanism of regulating new cell death modes are

expected, to provide theoretical basis for the in-depth development of L-borneol and the establishment of new strategies for ALI

treatment.
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[ iK% PAMPs 1 DAMPs, M T35/ PANoptosis )
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J5F W Ty R ™ L 52 40 . Wang S8 MR 78 FLER il i R
Rz E 1 i NERRYHA, F#(K ZBP1 3R
EIFHHEIHE S RIPKL A TRIF FEAE, [l 35E
ZBP1 WFLBEAG MG, M e ik ek 55 e 248 i o
ZBP1 /51t PANoptosis AR 4 5 2 #7511 ALL.
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HIbrEW . LR PANoptosis %€ =i tE,
5 o 2R A 7 A A DL SR QO[] i s il R T
(GSDMD-N. cleaved Caspase-1). {HT- (cleaved
Caspase-8/3) FIRFEMEPIT: (p-MLKL. RIPK3) 3
HbrEY; QFTA br EWYE T 1R — 40 f 2L R
AR, DAIE B =38 1 [R) — 40 B R A A [ B i

W @M1 E ZBP1 %5k PANoptosome #7171 4b
HAH, PLIRAE B bR B AR SO T
PANoptosis 18 . FIRFENF % T PANoptosis F &
FORRARARAE, ORI, % SEo0E 2 W HTiAftbx. B
VRAFAFSE T HAFAEBORAHL, G — ARSI AR HEATRH
PR IR RIRIBARREHE S, 45 R 00 nT Lt R K HT
#r#11. (3) PANoptosis SERIET-AE ALI H1HIAZ Hif
R 2 A M AR T ——— 3 A [ —4i g gt
1P AT, ERAEAFPBEZE. BERBEFAKAR
AT AR A 1
5 RIAFHIEREEAFET-/PANoptosis fR$F ALI By
=
5.1 BEAIFIERFETIRIF ALI

RIRFIIHEIBRAIE T ORI ALL BB FEAEIL )L
AT TR R . Chen FFEOMIEITIE 1A 50 FHL
il 2 NYERE A B T PR 2 AR AR R A T
— B AR FE AL

Zhou ZEZIR F M 45 2 P2 K5 RNA-seq F45%
L3 ) SR, %5 R RR LS 3-8/ 3 T
B # S N EERDT ALL A% OV IR, ESET:
1) TE 23X — G R Y OB N U AR, Nrf2 4101 71
ML385 &b B AJ 56 4230 i v S B Y OR3P RS, RS T
ORI Nef2 itk . 25ulit, k52 H B4
B UE 52 AT E B2 A ) I T RE R Ak 2OR 7 ) % Ak
( receptor for advanced glycation end products ,
RAGE) UM AGE/RAGE-Nrf2 fi281, #{64F A
JER I NF-xB p50-Nrf2/GPX4 flifll gk pp -6,
DR T ) 2R I8 O A R S A T A 3 SR A
A1/Ntf2/HO-1/GPX4 Hii & 4% 4 FIB%, =155 Bl w]
XCE A NLRP3 % AE /N K 5 8k S8 T2 % 1401,
Farrerol JUJ#E [7] RUNX 1/SLCTA 11 il ke T-141,
X EERIRP=IIE LR L5 BRp s, Bl A R 9
FICERT Nrf2/GPX4 4, NGt ikt 7+ 51
BRI

Zi b, RO YHNHIBRIE T R4 ALL BIBLAH
FFE: (1) BE Nrf2/GPX4 Hra s (2) i
2 SLCTA1N ZERFA I H k& S I RREEHB); (3)
Pk ACSLA ZRIA A fig ot id S R i A= 261
(4) #AUTE Fe* /b Fenton S w5411,
5.2 j@id#0#] PANoptosis {R$F ALI

AT RRAET:, R )iE L 1| PANoptosis
PRI ALL I 78RS 2 0, (AR SCHIE ST IEB RN
Chen Z5SIE[G Z 5 2 AL BRI AIESE, 1042



- 8752 -

PED 202611 5 H£57% $ 218  Chinese Traditional and Herbal Drugs 2026 November Vol. 57 No. 21

My T4 KAE A S Aobi AR iR e A L 4001 i
Jfi DNA B, T cGAS-STING i, &Ml
PANoptosome FIZHBANEE, I [FD R T
B T AR,

seAh, BT LR B A B S E A ]
(nerve injury-induced protein 1, NINJ1) %52 AN S
2 b 4 P A0 T AR R o R R ) SR B O, T
PANoptosis ] Fif+ 7 H #i K2 54T ZBP1 85
GSDMD. GSDME. MLKL %28 &5 8 H, NINJ1
FR HS B O Gk b e e 2 DR T B S 1) I e 22 OK
FARAE 7 AR S i D8,
5.3 [RIFNAIEEAFE TS PANoptosis B9 3R

BHTRIRFYMRS ALL FIWF R 2 R T —
AL 7 AR, AN, BRAET R
g i i S ) AT BEAE N DAMPs 3 PANoptosome
2H %%, Tf] PANoptosis ) GSDMD-N i FL il 5 24k
B IR AT REHE— D HEBRAE 118201, [R]I L] 3X 2
T R A M st T AT e AR P RIE B, (HE
I 1) SR = SR AIT S0 B SR IR o AU R R
SRR AT B M T B4 i 22 2H A RO AT 2 Fhat T
FTE [R]— 290 EAS [ 4 L ST v PRI 2 23 A R ALE
TR FH 3884 G B PR 2 D' PR AT 52 I 30 285 T Ik S T
5 PANoptosis 7EiE A ALT A Hp )22 B FE .
6 DARTS BARRHERAS~E S LIRS A
6.1 HEAKRIE

DARTS 72 Hi Lomenick £ ¢ 1) —Fh 6
5 0 2 BEAT AR AT A 2 AR A B T kR A S
AR ARIATR AR . DARTS A 0o JiR BE 18] 7 110 6
W, H-ANNrTAYEHEEASGS)E, EA
HIR RAAT BEINAGAE , A8 HON 2 9 g O PR A4 )
W S BN 2 41 5 ¥ 70 0t HE ZH AE 2 AL
JERR BB AT ZE S, RIA SRR R B E AL

DARTS TG b 25 BEAT AR A 2 07 AR AL B
TEAALER, HRAERIR. MR Em, HAKE T4
HE A RN (BRI SR E B RE &4 1),
Pai ZEUE4NE IR T DARTS [ 5e88Eiife, Hik
MENRBEARIRNES AT ~EA M
(Pronase) 455 B — + — Je SRR R - 3R 9 s It Jie
B Lk — 25 B s il et —~ 22 R Ak AT~ DD
Ja AR BB B 1 (liquid chromatography-tandem
mass spectrometry, LC-MS/MS) % 5g #LEg (114161,
6.2 DARTS AR R LI A

H 2009 4 i #H UK, DARTS 7E RS = 4#0 15

RIGUIBAR T KB RI)Z 4] . Lomenick Z5147H]
DARTS $ A% € AL B R K T 4A
(eukaryotic translation initiation factor 4A, elF4A)
NEEFEAERELEES, ZWRAIEET
DARTS AR & RV AT AT 1, IF4Esh 1
ZHEARE 2 N

Dong “5M2IR FIIE 1 8 F B 73 T Ml DARTS
PG EREE AN, WA 2R % e hE
B A B2 MBS EER, FRALREIR
FNFMEE B TR PR (surface plasmon resonance,
SPR) ik MTHFDIL JyH B L £ o Tai SEH30R7 i
B R IE T DARTS BtE LC-MS/MS BRIN% & N1 5
* KT 2k (epidermal growth factor
receptor, EGFR) HE#E45G 1H18 EGFR FFA# 7]

Chen S54RI HIJE T 15K DARTS 541 fufh
SiFE 5381 Ccellular thermal shift assay, CETSA) Bk
H, %% 7T AR HEMHAS T E AR —R
HIRWEG 5. Mao %Wl DARTS 45 &R 4H ¥
A 4H o7 25 58 Y R M R R & i SrICL
Butylidenephthalide [T 7ESLET o Liu S5EHO14 T
5 TRV RS EROR M Bk g, o
DARTS 5 CETSA. SPR ZFH AR MIIEFH Hus 4 1 H
ZOE T A, BAh, D-DARTS {EAATAETS
W, AR BT AR B A FT R B AR
#, H— IR T DARTS M AR FH,
6.3 DARTS 5EMEE QIR S KA

DARTS JFAFM M A KB FB, BS
CETSA. SPR. %45 H:1iE (co-immunoprecipitation,
Co-IP) F B 1 HH ELAN 78 B R AR 4L rUBIE B AR A
#. CETSA MH “Zy¥as& it A e e tt”
JRE, ATAETE AN M B ARV T 5 DARTS TR RS R
AR 28— VS AR B AGHIE 7 () B AR fET R 144el, SPR Y
DAHLTARd ., SERFIRIRIOLsS, ety 5HtEa
GEIRMT) (Kol BIRBEEREZHPY. Co-IP fE
USRS ) TR A B S HAlAE 5 T HIAH
B ARV,

KRR GHASE, R EIMN “ KN
HE L7 B IS UE TN RE” B SE BEUE Y BE—ATIA farrerol
WHRIERAER 2R ST, REEAH Rk~
CETSA 454 BIE— Co-IP BRI — 2 F X 2 — /)N
T RNA (small interfering RNA, siRNA) Ihgg
B2 2GRN, #i5L T RUNXI AN EEIIRE
AL, [FRE, BSkEET B4 i SPR RS
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RAGE )5 & K418 3.86 umol/L128), IF & SPR 7EK
SRR p e B T B . X — e
R A RN A TG RIRT= VDR A A PR it 7 &
HlIFRETE
6.4 DARTS HEARRERM 5 R X R rg

S DARTS BEARTERIRF=W)4E i I e 3
MRS, H N A T RBR M. (1) DARTS
SI G H E S M AR R R AT, o e A A
TEAIML PN A Z A5 (A FHRE RN . BRI 73
AT RE pH 55, TIHE S ECELEAE Moy H AR
A (R 24 -HE RS G AR AR A e B AR BE 1A
5o (2) Pronase Bfif 2 i EET M- A
HAEHAT R, i TAERER, HAFHKIE
(B 5 PRI BN P RERE A S0 45 I B R . (3D
X D i e A R R A IR, KR
BRSBTS (AR Pl R R A i T A . 6T
IR JFBR, FRHECLL R RO NS K DARTS 5 DIA
B AR R SEC A, DU 1 v R R Rk e
AR, [FB4EEEE; KA CETSA fEE4MZ
% DARTS I LA m 04T TLANIGHIE , £
B 5 5 T PN BUSEAFAE s B A AL I Pronase Ji
FERAR, BRGSO B B AR A . R —Hik
SIG rF A BH A X R DU A B 1 o X S e (1 25
& R E] IR T DARTS SZ56 45 B m] St Fla)
HYHE.
7 EHERBNER[EEAFE -5 PANoptosis {737 ALI Y
AT TERE
7.1 IBRIKIE

G FIRUEE, RIS kA
T-5 PANoptosis FITEFENEH M4, HAZLIB S
FEEIAELL TN

S22, FE e R O IE SR % il Y B %
P, B HEAEHMLH S NEF-kB A1 MAPKSs 13 5 3@ 1% 1)
S PIAR e, % B S NF-«B @S EZIET: GB
1t A% GPX4.SLCTA11 4% 0 B 1 ) Fl PANoptosis
(%5 PANoptosome HIZHZEIAE) W) nf/E N B
VAR A0, 20 e e ol i 7 NF-xB {5 5 1@ %K
VAT T U A M B8 T PAT BT 1) AT R AR A 2 A B
UL

55 2 VKRR TR IR I SE A B AR AR
thie s, HAEMREHE A ORI ATE . NCOA4
SRR A AR AR EIET 585 T i is R,
X— R B A e 5 A T iR I — AT

J7 R EER, AR ALL 67 Hm ik ) AR B Ak
MR Bk FE TR R A AT i L 7 R B R 4 2 4 it
T PR S R . SR, %R AE R
JRORE AR R RIS ), E ALT BEAY rp 38 P 0 75 30—
pAZL AT

)R, PAET: 5 PANoptosis 7E15 5@ 17
L EAZ, JHEAE NLRP3 KIE/MES NF-«B
P A2 S 08190, X R A e i L % R i
THiX 2 Fhgb st T 07 N 2 g 7y, X —HEie
BEERD FHLHISERE: BESR 2 K0T B
o REAE TR, IAVER T IX AR A 78
B AN 2 FEE T 5 O Y (1 AR P52 T R
o T AR R8I0 o 2435 1 2 R4 ALL 15 5 8 %
HEAT T R A T g, AT B IE 1 3 v
TR . SR, X — B U i T L ) S A UE 4
KIE. 7E BRI S AT, Mishima 55415k
RMETREW, NGBS T JE% S e
Mo XU I ARG T GPX4. FSP1. SLC7AILl.
ACSLA4 512 0% R 7 AR ARSI 75 58, HEE T
151 A AE FE 17N 937 U 715 771 (Ferrostatin-1+ Lip-1 {E
ERAET- 34177, Erastin. RSL3 1ENHESFD, It
BNYIBRY IR R UELS T IR . X LR 4
BN TR B R SLIR AT, v SRR AR P A s g
RGN AL e e R FE T RS R, B4 7T
SEIITT IR 2R
7.2 DARTS RN SR PN A=

BIRVK A IR R AR BN AR, (B EH
TR AR LA — A BN A2 . DARTS
FEA N PIX — ) R T B AR VR T, B
T DARTS A, AT 76 _F Bz Can/IN B F 2 MLE-
12 40D SR TG O s M 575 328 7 T DR 1) B B 4
SHER, BT LC-MS/MS itk %E, Haiame
ZYE AN AT HE S A8 SUBRAIE o IX— “ R BLIRS)”
(1) S T BE R 7~ H LT R A SN BT HE A 7ERE AT
W2 )E, JEERRIFEE RS AAE (1) siRNA R
RIhRE R S SE6, B0 UE S A 0 e R R O 3L
MIFIThRE L AR (2) SPR B MST & &l & /£ i
e S HLER A S Ao M 5 (3) Co-IP BHIEAE il
i TN E A5 FIE 5 0 T EAER: (O
G PG 8 AL A7 e e o Ak B i 4 A 1 1 48
FSEAI AR (5) BBt AR ALT B AL IEHE A5,
TERARZNPIKF T E B o X EESRI IR T I “ K
DUEE S 3] “BRIEThAE” MseBAEYREE .
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73 RE PR AR LRI R A e [J]. A5 st E R4,

e FE TR MRS ALL [RIHLEIRF 78 77 ML T
JUANJT TR : (1) FIF DARTS+LC-MS/MS Hi A
ARG 58 e e e e Bl L i R BB
B (2) RGUIGIE A e Je i /2 71 R [7] B 40 il £k 4E
T 11 PANoptosis P FET R MIAE T 75 3, FH AR
ST A L R TR R R (3) fifdhT
ZRAET:H PANoptosis 7E ALIL Jig BEEFE H A2 15 A
Al R AR AT HAEE, KA BT T s B 4H st
TR R4 B s (OS5 A ARG Cln A\ fiig AS49
YA SR AS AR AT SRR A B 1A RAEE,
BRI T 510 (S PG MEANIG R AR DG (5
I FH B0 B 22 20 2 B R A AL SR D SO ERET, (R 8
S 0 20 R0 A A, 2 THT I B 24 0 1 i 1) B
SASHRFE o X7 [ () TG R AR =4 (A 5k
DU AR ALL ARG HETR T SRE SR A HT R4 .
8 B

AL ER— M S 2 A WP S BORE, TR %
S IR A B B U G IR 75 3R o 20 e Rk
VBN B P8 H v 24 SN A% O R 4y, AL
2 VAN AL L B R AR R 2 2R . BRpt T
F PANoptosis #& 2417 ALI 4035 2 K RIS HI40 AT
ToHLH], RERF=HHE ) X S B3 ALL 2SN AT
FL . DARTS BAR DT T8 ol fa i
TR BRI A, N RIR = s R IR A T
BHMITEET R, 3T DARTS HAR T i ik
PLAE TERMNLE v 1 Rz A o 1) B e S 8 s, JF
RGN H A IR 2B T A PANoptosis &
FERG R R, AN S 3ERI A @ G 31 0L A543
BB A, FEE RIS ALTIALSA %N,
TR Sy A R FE T R R0 ALY T 38T SRS (1) 2
STIRAEE EARL AR . TSR A, AR
(1) 2 Tl fivi v BEE I 22 AE TS5 PANoptosis i
P ALL BN UL, 3 75 ) 2SI A 8 i1 LLSRIE «
AR FETTRRAE T NI — W0 R T R4
R SCRR S 3 AN EE HE L

HBAR AVEEHFRARFEAEFR
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